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| I N TR ODU C TI ON
Demography is the study of population dynamics. The primary foci of demography are rates and levels of mortality, fertility, and migration and how these all interact to produce population growth (or decline), density, and age-and sex-structures; how these rates or levels vary across time and space and what produces such variation; and what consequences these have on other aspects of human (or nonhuman) existence. These demographic phenomena lie at the very heart of evolution. Natural selection occurs as a result of differential fertility and mortality within a population; gene flow occurs because of migration between populations; and the effects of genetic drift are dependent upon population size, which is an outcome of the interactions among mortality, fertility, and migration (Gage, DeWitte, & Wood, 2012) .
These demographic forces also affect, are affected by, and reflect many of the things that anthropologists find most interesting. For example, the age-sex structure of a population influences the population's ratio of consumers to producers and numbers of potential marriage partners, and thus places limits on such things as subsistence strategies and household structure. The age-sex structure of a population can also significantly influence economic relationships among families and communities, as cultures often have inheritance and habitation rules that depend on the sex and sometimes age of individuals, and thus are inherently influenced strongly by demographic structure. Population growth and density affect socio-political structures and shape disease ecologies, which can, in turn, affect demographic rates and drive biological and cultural adaptations. Sociocultural phenomena also have the potential to powerfully shape demography. For example, warfare can have short-and long-term effects on sex ratios or age structures (as in the case of the post-World War II baby boom). Sexselective infanticide and abortion, and withholding of resources or medical care from daughters because of cultural preferences for sons affects sex ratios. Economic policies and warfare influence patterns of migration. Ultimately, demography is relevant to all fields of anthropology, whether or not all anthropologists are interested in demography itself and its effects on other aspects of human life. Although, as can be seen in the pages of the American Journal of Physical Anthropology, numerous anthropologists over the last 100 years of the journal's existence have been explicitly interested in demography, and in demographic anthropology in particular.
In contrast to national demography, which primarily focuses on large datasets (often derived from censuses) from European and other industrialized populations, demographic anthropology typically focuses on relatively small, nonindustrial populations from which data are collected as a part of ethnographic fieldwork. Demographic anthropology also examines the demography of populations in the past, as reconstructed from skeletal remains (paleodemography), historical documents (historical demography), or material culture and other evidence of human activities from archaeological sites (demographic archaeology). Demographic anthropology shares with the rest of anthropology a holistic approach, and seeks to understand demographic phenomena in the context of the specific sociocultural, environmental, economic, and political settings in which they exist. In demographic anthropology, the ultimate goal is not to simply describe the demographic characteristics of a living or past population. Rather, there is an explicit focus on the application of demographic data to address questions of an evolutionary, ecological, or cultural nature.
In the first decades of the American Journal of Physical Anthropology, publications of a demographic nature were mostly limited to a handful of brief reports of demographic data from various populations, such as Hrdlička's (1927) "Anthropology of the American Negro: Historical Notes," and Field's (1936) "Arabs of Iraq". The first truly demographic anthropological studies (defined here by an attempt to address evolutionary, ecological, or cultural questions) published in AJPA did not appear until the 1930s, including Aberle's (1931) study of fertility among Pueblo Indians. Aberle compared historical data from parish records to contemporary data collected via interviews in order to test assumptions about low fecundity among "primitive people" and the effects of "civilization" on birth rates. However, demographic anthropological publications remained relatively rare in the journal until the In their AJPA paper detailing power analysis in biological anthropology, Hodges and Schell (1988, p. 175) write that the "problem of small samples is common, even characteristic of hypothesis testing in anthropol-
ogy". They demonstrate, using published paleopathological data that the sample sizes typical of demographic anthropological studies are adequate for detecting large but not small differences between groups.
A similar point that small samples make it difficult to separate significant vs. nonsignificant demographic differences was later made by Whittington (1991 to obtain demographic data than is true for the production of censuses that typically yield the data for national demography.
Balancing the problems associated with small samples sizes is the greater likelihood that the populations conventionally studied by anthropologists are more homogenous than those studied by national demographers. For the sake of simplicity, demographers often assume population homogeneity, but doing so runs the risk of ignoring important variation among subgroups (e.g. based on socioeconomic status, occupation, engagement in risky behaviors, etc.) (Gage et al., 2012) .
Importantly, the majority of human populations that have ever existed were small, so understanding small population demography is crucial for understanding our shared history and the forces that have shaped the variation in human biology and culture that we can observe today.
In the case of paleodemography, small skeletal samples are often (2004) pooled types of religious-status individuals in her analysis of mortality, status, and gender in medieval York. In fact, for most of the cemeteries studied by paleodemographers, some pooling of data across time is inevitable because the burial sites are typically used for multiple generations, and resolving temporal patterns might not be possible or financially feasible. However, pooling data across time, space, or some other variable means that we run the risk of masking interesting differences.
Ultimately, using the sample sizes that are available to us from archaeological sites to reconstruct life in the past usually entails some sort of trade-off between adequate statistical power and assessing potential heterogeneity within or between samples.
| Inaccurate, incomplete, or biased data
In addition to working with small samples, demographic anthropologists are faced with data that are often inaccurate, incomplete, or biased.
These issues are not unique to anthropology. Indeed, the demographer Petersen (1975, p. 227) wrote that "the demographic data of most of the world, moreover, are full of holes and often quite unreliable". Our data are imperfect because people are missed by censuses, surveys, or excavations; births or deaths are not recorded; and ages or sex are either misestimated or misreported. These problems are compounded when the associated errors are unequally distributed among segments of the population. For example, in both demographic anthropology and paleodemography, inaccurate age estimates may be more frequent among the very old. Unfortunately, skeletal data on very young individuals is often relatively scarce because of problems with the preservation or recovery of their small, relatively delicate bones (Gordon & Buikstra, 1981) ; and the elderly are also underrepresented in some cases, presumably because loss of bone calcium with age makes their bones more vulnerable to disintegration (Walker, Johnson, & Lambert, 1988 ).
Misreporting of sex in living populations is negligible (Bekele, 2006) . Paleodemographic data on sex, however, are potentially problematic for a variety of reasons. Sex is often not determined for prepubescent skeletons, and thus many paleodemographic studies are missing these data for (sometimes substantial) portions of their samples (in some cases, where sex is an important component of the overall research design, subadults are totally excluded from sample selection because of the issues with sexing prepubescent individuals). Examples of this in AJPA include studies by Alesan, Malgosa, and Sim o (1999) , Brewis et al. (1990) , DeWitte (2009 DeWitte ( , 2012 DeWitte ( , 2015 , Douglas, Pietrusewsky, and Ikehara-Quebral (1997), Fern andez-Crespo and de-la-R ua (2016), Margerison and Kn€ usel (2002) , Nagaoka and Hirata (2007) , Owsley and Bass (1979) , Rathbun (1982) , Redfern, DeWitte, Pearce, Hamlin, and Dinwiddy (2015) , and Wilson (2014) . The estimation of adult sex is most often based on sexually dimorphic features of the skeleton, such as components of the skull and pelvis, and on long bone, dental, or cranial measurements. Adult sex estimation, particularly using subjective, macroscopic traits is not as straightforward as it might seem given the relatively limited number of sex categories. As Weiss (1972) detailed in AJPA, for example, errors in sex estimation result in 12% too many males, on average, in skeletal samples, as there is a tendency to categorize skeletons of intermediate size or rugosity as male rather than female. Also, as reported in AJPA, biased sex estimates might be partly the result of a reliance upon cranial features for sex estimation, as older skulls of both sexes tend to look increasingly masculine (Meindl, Lovejoy, Mensforth, & Carlos, 1985) . Ancient DNA analyses of the amelogenin gene to determine sex are highly accurate and applicable to skeletons of all ages (see, for example, the following AJPA publications: Schmidt, Hummel, & Herrmann, 2003; Stone, Milner, Pääbo, & Stoneking, 1996) . However, these analyses have not yet been widely used, partly because of their cost and destructive nature and the limited number of researchers with the necessary training and equipment to perform them. It should be noted that in addition to the frequently acknowledged problems distinguishing male from female skeletons, bioarchaeological analyses (as can also be true of the demography of living populations) often make the potentially problematic assumption that sex is binary (Geller, 2005 (Geller, , 2017 Wesp, 2017; see Agarwal, 2012 for an exception).
Data on age in living populations are imperfect because some people do not know their exact ages. This can be a consequence of illiteracy, lack of counting systems or calendars, or because knowing exact age is socially irrelevant, and in some populations it is more often a problem with older people (Hadley, Belachew, Lindstrom, & Tessema, 2011; Randall & Coast, 2016) . In some cases, people misrepresent their ages because of cultural preferences for or avoidances of certain numbers or a tendency to round age to the nearest 5 or 10 (i.e., age heaping) (Bailey & Makannah, 1996; Pardeshi, 2010) .
Paleodemographic age estimation is even more fraught with error.
Subadult age estimation is based on the growth and development of the skeleton, the timing of which is known from observations (e.g. via radiographs) of living children of known age. Adult age estimation is often based on the degeneration or remodeling of skeletal elements such as the pubic symphysis, iliac auricular surface, sternal rib ends, or teeth. Subadult age estimates are more reliable and accurate than adult age estimates because, though there is some variation in growth and development resulting from diet, disease, genetic variation, stress, or other factors, the range of that variation is relatively narrow. Degeneration of the skeleton in adulthood is more variable than growth and development, and thus considerable attention has been paid to resolving the issues associated with adult age estimation.
The conventional approach to paleodemographic adult age estimation, which has been promoted, criticized, and modified by scholars via AJPA since the earliest years of the journal, is based on visual assessment of the macroscopic appearances of skeletal features and relies on reference samples comprised of people of known ages at death. The reference sample provides data on the joint distribution of age and phases of morphological change in a skeletal age-indicator. This allows for the estimation of age for skeletal samples (frequently referred to as "target" samples, e.g., Konigsberg & Frankenberg, 1992) for which only the distribution of age-indicator phases is observable. Widely used examples of this approach have been published in AJPA, including methods using the pubic symphysis (Gilbert & McKern, 1973; Katz & Suchey, 1986; Todd, 1920) , auricular surface (Buckberry & Chamberlain, 2002; Lovejoy, Meindl, Pryzbeck, & Mensforth, 1985) , and cranial sutures . Conventionally in paleodemography, individual skeletal age estimates are combined to estimate populationlevel patterns, such as age-at-death distributions or life expectancy. examination of health and demographic patterns for the oldest old.
Importantly, conventional age estimates are also biased toward the age composition of reference samples (i.e. age mimicry) as described by Bocquet-Appel and Masset (1982) decades ago and initially explicitly brought to the pages of AJPA in 1985 (Jackes, 1985; . The criticisms of Bocquet-Appel and Masset have been acknowledged or addressed in over 50 publications in AJPA since then.
Bocquet-Appel and Masset viewed age-mimicry as a fatal flaw that doomed paleodemography as it was then widely practiced.
These problems with determining age in living and past populations are important because so much of demography is dependent on age data, such as estimating levels of mortality (e.g., life expectancy at birth) or age-patterns of mortality or fertility. Population models (of the relationships among, mortality, fertility, migration, and the age structure of a population) allow for the indirect estimation of demographic rates and have been applied in demographic anthropology to deal with the limitations of small samples and incomplete data (Gage et al., 2012) . Demographic anthropologists most often use stable and stationary population models. A stable population is closed to migration, and has unchanging age-specific fertility and mortality rates and a stable age distribution (i.e. the proportion of the population at each age remains constant over time) (Coale, 1972; Lotka, 1907 Lotka, , 1922 Lotka, , 1931 . A stable population grows or declines at a constant rate r, the intrinsic rate of increase, and each age category grows or declines at a constant rate defined by r. If a population is stable, a census taken at two points in time provides the information needed to estimate a life table (see description below). The application of the stable population model is generally reasonable, because populations naturally tend toward stable age distributions (Coale, 1972; Gage et al., 2012; Lopez, 1961; Wood, Holman, O'connor, & Ferrell, 2002 The authors argue that their multifactorial method for adult age estimation combined with careful excavation (e.g. retrieval of preterm infants) maximized the "census accuracy" for the site (Lovejoy et al., 1977, p. 293 in a growing population, there will be an increasing proportion of children over time, which produces a more youthful age structure, and thus decreased average age at death; life table estimates of mortality for this population, assuming stationarity, will therefore tend to be overestimated (Johansson & Horowitz, 1986) . As demonstrated by Sattenspiel and Harpending (1983) , a change in fertility more dramatically affects mean age-at-death than a change in mortality of the same magnitude, and thus mean age-at-death is more reflective of fertility than mortality. This finding has motivated the use of skeletal age-at-death patterns to assess trends in fertility and critiques of such approaches (e.g., Buikstra, Konigsberg, & Bullington, 1986; Horowitz, Armelagos, & Wachter, 1988) .
As an alternative (or, in some cases, complementary) approach to constructing life tables directly from skeletal data or ethnographic censuses, some demographic anthropologists use model life tables (Brass, 1971; Coale & Demeny, 1983; Ewbank, Leon & Stoto, 1983; Ledermann, 1969; Weiss, 1973) . Model life tables are potentially useful when demographic data from an extant anthropological population or skeletal sample are incomplete or defective, as they provide a basis for estimating mortality indirectly, smooth incomplete data, and allow for estimation of fertility from age distributions (Ewbank et al., 1983; Howell, 1986) . Model life tables can also be used as the basis of comparison for untransformed skeletal or anthropological data, for example to determine if a skeletal sample reasonably represents the mortality experience of the associated population (e.g., see Margerison & Kn€ usel, 2002; Milner, Humpf, & Harpending, 1989; Tayles, 1996 (Gage & Dyke, 1986; Johansson & Horowitz, 1986; Meindl, Mensforth, & Lovejoy, 2008) . The use of these model life tables thus risks imposing potentially incorrect demographic patterns on the population of interest (Gage, 1988; Pennington, 1996) .
An alternative to empirical life tables are relational life tables, such as the Brass logit life table system (Brass, 1971) . The Brass system is based on the assumption that the relationship between the logit transformations of two survivorship functions is approximately linear and that differences between the logit of an observed (e.g. skeletal) survivorship function and that of a standard can be captured by two parameters (Ewbank et al., 1983; Gage & Dyke, 1988; Murray et al., 2003) . Relational life tables are also used to generate life tables from a standard by altering the values of those two parameters. Given that the underlying assumption of linearity is not necessarily realistic, the original Brass model has been modified with the addition of parameters; these more complex models can, however, be more difficult to estimate (Ewbank et al., 1983) .
There are many examples in AJPA of the application of stable and stationary population theory, particularly to construct life tables from ethnographic censuses and paleodemographic data, and of the use of model life tables. For example, the stable (or stationary) population assumption was explicitly made by Bennett (1973) , Mensforth (1990) , and Owsley and Bass (1979) Bruzek, 2011; Martin, Magennis, & Rose, 1987; McGrath, 1988; Milner et al., 1989; Nagaoka & Hirata, 2007; Nagaoka, Hirata, Yokota, & Matsu'ura, 2006; Paine & Harpending, 1996; Pennington, 1996; Rathbun, 1982; Soltysiak, 2013; Storey, 2007; Tayles, 1996) . Neel and Weiss (1975) Brainard, 1986; Harpending, 1994; Ray & Roth, 1984) .
In addition to these applications, several evaluations of the more general suitability and utility of these approaches to demographic anthropology have been published in AJPA. For example, Johansson and Horowitz (1986) assess the paleodemographic use of stable and stationary population theory, highlighting the effects of growth rate on mean-age-at-death (as a measure of mortality) and the invalidity of the stationarity assumption for most paleodemographic samples. Paine 5-14 and those who died at ages 20 and above), which can be used to estimate life expectancy at birth and probability of death at ages 1 and 5, and mean childhood mortality (mean mortality for 5-10, 10-15, and 15-20 age intervals) (Bocquet-Appel & Masset, 1982 Douglas et al., 1997; Jackes, 1992; Nagaoka et al., 2006; .
In a 1988 AJPA paper, Gage pioneered the application of hazards analysis in demographic anthropology as an alternative to life tables, and though this approach has been primarily used in studies of mortality, it has been applied to examine aspects of fertility in living populations. Hazard models specify the time until a certain event occurs, such as conception or death (Wood, Holman, Weiss, Buchanan, & LeFor, 1992) . In studies of mortality, hazards analysis often involves fitting a parametric mortality function, survivorship function, or age-at-death distribution (all of which are related) to skeletal or ethnographic census data (Gage, 1988) . Models that are frequently used by demographic anthropologists, such as the Gompertz, Gompertz-Makeham, Siler, and
Weibull models (Gage, 1989) , have only a few parameters and can thus be applied to small samples. They accommodate missing data and smooth the random variation in demographic data that is an artifact of small samples without imposing any particular age pattern. In addition to using fully parametric models, anthropologists have also applied semi-parametric proportional hazards models, which allows for the esti- & Redfern, 2013; Nagaoka & Hirata, 2007; Redfern et al., 2015; Sasaki & Kondo, 2016; S eguy, Caussinus, Courgeau, & Buchet, 2013; Temple, 2014; Watts, 2015; Whittington, 1991; Wilson, 2014; Yaussy, DeWitte, & Redfern, 2016) . Hazards analysis has also been used in the context of living populations to investigate, for example, waiting time to conception among the Dogon of Mali (Strassmann & Warner, 1998) , neonatal size and infant mortality in the Himalaya (Wiley, 1994) , and postpartum amenorrhea in rural Bangladesh (Holman, Grimes, Achterberg, Brindle, & O'connor, 2006) .
| Improved paleodemographic sex and age estimation methods
Over 100 articles detailing approaches for skeletal sex determination (for both subadult and adult skeletal remains) or testing their accuracy or reliability have been published in AJPA. These include approaches based on visual evaluation of features of the pelvis (e.g., Bruzek, 2002; Phenice, 1969; Schutkowski, 1993) , and skull (e.g., Loth & Henneberg, 1996; Walker, 2008) ; and metric methods for bones (e.g., Holman & Bennett, 1991; Safont, Malgosa, & Subir a, 2000; Steele, 1976) (Garvin & Ruff, 2012; Wilson, Ives, & Humphrey, 2017 ) and the DNA-based analyses mentioned above.
Similarly, many studies (over 150) attempting to identify skeletal elements (and analyses thereof) that accurately and reliably indicate age at death have been published in AJPA. Several of the most widely used age estimation methods, which are based on visual assessment of macroscopic features, have been first described in the journal (see above). However, though these have revealed traits that are strongly correlated with age in reference samples, relatively few satisfactorily resolve the issues of age mimicry and poor older age estimates, i.e. the problems with age estimation that were deemed so severe as to doom the field of paleodemography as typically practiced (Bocquet-Appel & Masset, 1982) .
One proposed solution to the problems of age mimicry and poor estimates for the oldest old is a Bayesian approach described by Hoppa and Vaupel (2002) and tested by M€ uller, Love, and Hoppa (2002) . This approach uses maximum likelihood estimation and Bayes' Theorem to avoid age-mimicry. The Bayesian approach deviates from conventional approaches by beginning, not with individual age estimation, but with estimation of the age-at-death distribution in the target sample using age-indicator data, only after which individual ages at death can be estimated.
The particular Bayesian approach described by Hoppa and Vaupel and M€ uller and colleagues requires large sample sizes to provide good estimates of the target sample age-at-death distribution. An alternative approach, which is applicable to samples as small as a single skeleton, is transition analysis (Boldsen, Milner, Konigsberg, & Wood, 2002; Milner & Boldsen, 2012) . Instead of requiring the estimation of the target sample age-at-death distribution, in transition analysis, a prior distribution (either a uniform or an informative prior such as one estimated from historical data) is used in Bayes' Theorem. Boldsen, Milner, and colleagues have developed and made freely available software (the ADBOU program) to facilitate the use of transition analysis (e.g., Ousley, 2016) . This approach formalizes the simultaneous use of multiple features of the skeleton to produce an age estimate, in line with other proposed multifactorial approaches for age estimation that have been described in AJPA (Anderson, Anderson, & Wescott, 2010; Bedford et al., 1993; Lovejoy, Meindl, Mensforth, & Barton, 1985; . The general method of transition analysis can be applied to any skeletal features that exhibit regular patterns of change with age and is not dependent on the ADBOU software (e.g., see Godde & Hens, 2012 Konigsberg, Herrmann, Wescott, & Kimmerle, 2008) . Several applications or evaluations of the performance of transition analysis and other Bayesian approaches to age or mortality profile estimation have been published in AJPA (e.g., Boldsen, 2005; Bullock, M arquez, Hern andez, & Ruíz, 2013; DeWitte, 2015; DiGangi, Bethard, Kimmerle, & Konigsberg, 2009; Godde & Hens, 2012 Hughes-Morey, 2016; Konigsberg & Frankenberg, 2013; Lottering, MacGregor, Meredith, Alston, & Gregory, 2013; Milner & Boldsen, 2012 ; Steadman, Adams, & Konigsberg, 2006; Stojanowski & Duncan, 2009; Storey, 2007; Usher & Christensen, 2000; Wilson, 2014; Wittwer-Backofen et al., 2008) .
As mentioned above, many proposed and widely used adult ageestimation methods rely on visual assessment of macroscopic features and qualitative scoring protocols. However, as have been described in AJPA, there are quantitative alternatives based on osteon remodeling (Chan, Crowder, & Rogers, 2007; Ericksen, 1991; Kerley, 1965; Kerley & Ubelaker, 1978; Stout & Paine, 1992; Turner-Walker & Mays, 2008) , root dentin translucency (Drusini, Calliari, & Volpe, 1991) , reduction of the coronal pulp cavity because of the formation of secondary dentin (Drusini, Toso, & Ranzato, 1997; Fabbri et al., 2015) , and toothcementum annulations (cementochronology) Naylor, Miller, Stokes, & Stott, 1985; Wittwer-Backofen, Gampe, & Vaupel, 2004) . Osteon remodeling approaches, for example, based on the number of intact and fragmentary osteons and other parameters visible in thin sections of bone can be applied to fragmentary remains for which macroscopic features cannot be evaluated. However, because remodeling is affected by genetics, race, activity patterns, diet, and other variables (Turner-Walker & Mays, 2008) , the accuracy of these approaches is dependent upon the availability of formulae derived from reference samples that match the target samples as closely as possible with respect to these factors. The tooth cementum annulation approach is based on counting annual layers of cementum from thin sections of tooth roots; it can yield highly accurate and precise age estimates (Couoh, 2017; Wittwer-Backofen et al., 2004) , and
is not subject to age-mimicry (Naji et al., 2014) , though its application can be impeded by diagenic effects (Roksandic, Vlak, Schillaci, & Voicu, 2009 
